The passive scalars in the decaying compressible turbulence with the initial Reynolds number (defined by Taylor scale and RMS velocity) Re=72, the initial turbulent Mach numbers (defined by RMS velocity and mean sound speed) Mt=0.2 0.9, and the Schmidt numbers of passive scalar Sc=2 10 are numerically simulated by using a 7th order upwind difference scheme and 8th order group velocity control scheme. The computed results are validated with different numerical methods and different mesh sizes. The Batchelor scaling with k-4 range is found in scalar spectra. The passive scalar spectra decay faster with the increasing turbulent Mach number. The extended self-similarity (ESS) is found in the passive scalar of compressible turbulence.
Introduction
Direct numerical simulation (DNS) becomes an important tool in recent research of turbulence Iq. DNS of compressible turbulence is more difficult than that of the incompressible turbulence. When the turbulent Mach number is greater than 0.3 the shocklets may appear in the compressible turbulent flow fields. The reason and mechanism of shocklets existence are not clear yet. The turbulent Mach number in DNS cannot be very high with the present existing numerical methods and computer resource. For the problem of compressible isotropic turbulence with the initial Reynolds number Re -72 (based on Taylor scale and RMS velocity), as the initial turbulent Mach number is less than 0.5, the tenth order accurate symmetrical compact difference method in ref.
[2] can work, but as the turbulent Mach number is greater than 0.5, this method is not valid.
The same problems but with much higher turbulent Mach numbers Mt -0.7 and 0.95 are solved by the authors of this paper with high-order upwind difference scheme and GVC8 scheme I3'41.
There are many problems related with the scalar flux in turbulence, such as the
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Direct numerical simulalion of passive scalar pollutant density in the air, chemical or biological species concentration and salinity in the ocean. Since the 1990s, much work with DNS has been done to study the passive scalars of turbulent flow. In recent years some results of DNS for passive scalars with relatively high Schmidt number (Sc > 1) were reported [5-81, but all those DNS results of passive scalars are for the incompressible turbulent flows. The scalars in compressible turbulent flows draw more attention in aeronautics and astronautics. For example, the mixing of fuel and air in supersonic ramjet is a typical problem of scalars in compressible turbulent flow.
In this paper the passive scalars in decaying compressible turbulence are solved with direct numerical simulation by using 7th order accuracy upwind difference scheme and 8th order accuracy group velocity control (GVCS) scheme. The start Reynolds number Re -72, the turbulent Mach numbers Mt -0.2 0.9, and the Schmidt numbers of passive scalars Sc -2--10 are used in computation. In order to validate the computed results, the numerical experiments are made with different simulation methods but with the same fluid parameters. In order to check if the small structures we are interested in are captured, the same problems are solved with mesh doubling. Numerical experiments show that the results given in this paper are reliable. The Batchelor k -1 range in scalar spectrum is found in our simulations. The effect of compressibility on the flow structures is discussed. The results show that the high wave number spectrum decays faster while increasing the turbulent Mach number. From our computed results it is found that in the compressible turbulence there is also the extended self-similarity (ESS) for the passive scalars.
The methods used in the computation are presented in section 2, the validation of results is given in section 3, and the computed results are analyzed in section 4. 
where U= [p, pu, pv, pw, e] y, E, F, G, E~, F~, G~are the convection terms and the viscous terms M, respectively. The viscosity coefficient/a is obtained from the Sutherland equation, g is the passive function, and Sc is the Schmidt number.
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